(48-4) 



*u=-h 






(49-4) 






r cm m ? p 




(14-4) JLAII 



:3bUlL ^ftiiii^ll <JtS 3^^ jVI ci^ul 



(50-4) 



R = 



m l f l + m 2 r 2 



:<5>UJL l *f ***» d 4«,..;tl iflL-uil wJjju LqS 



(51-4) 



r = h-r 2 



:^yjji.Vl QuiiUJI i>» J*J JjJJc 



(52-4) 



r,=R + 



m-. 



m x + m 2 
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(53-4) r 2 = R Htl_ t 

m l + m 2 

:±*z Cfr^uUII Cfr»ljUJLI f*j (47-4) ^ r 2 jf^^ 

(54-4) (m 1 + m 2 )R = F lr +F 2 , 

:j~i Cj L±j m^ iu&lj m 2 ^ (47-4) c^jUII Jji v> ^ t(SJ L] i^U ^ 
(55-4) ( mj w 2 )r = ( Wj + m 2 )V u 

:<fcUJL /x (reduced mass) *\y*~\ I 2h<t | dijjuj 

(56-4) jU= m i m 2 

m l + m 2 

:Jl (55-4) j (54-4) otbLdl J^p 
(57-4) MR = T e 

J 
(58-4) ^f = Fl . 

(59 - 4 > F e =F le+ F 2e 

{**». «it£ cuQJI jLm,VI J.U1 <xoJL, <L£|| jS^ ^^ <JjU^ (57-4) L.- t 
<£^ (58-4) ^Lrf Ui« .F e <JSJI ^UJI ^1 <L^t ^u. M<Jai <aj^ 

.4Jt j^Vl lift l^j jSjj ^1 
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i-j-sit- fi cgnM.^II i^j^jL^i (53-4)j (52-4) c^jbdl JLuLLu.1 ^ 



(60-4) T=\MV 2 + \fiv 2 



(61-4) v=r 

Lolu <m 2 J 4,v...'ilL iljiLLI 3I&1I 4*>uj ^ Jji (jill 

(62-4) V = R 

.(60-4 OA*) c^lill jH-VI J.LI V-^L. <J£1I .£_>- <*>-. ^ Jj2 ^1 

(Center of Mass Coordinates) 3 l~<t | ^ ^Jt i,,„-,| L o L£ I a*.V I 12 - 4 

r «^>Lu-ajll ^ m l3 m { cyj.. a j •> LjJ jlS I jl <i1 <JLLJI S>iill ^ li^j 

R = — (m x T- [ + m 2 ti) 

M 



r 2 = R- — r 

ro 2 



ji (14-4) J1AJI > J^iUi L^itS j£jl <^JL e g"."": ' 1 1 t*A>* o^ 1 ^-^ 
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(63-4) 



ii = R+r k => r lc =r!-R 
r 2 = R+r 2c => r 2c =r 2 -R 

= J*s (53-4) j (52-4) cjOljLdl o- r, j r ,> l^j^L, 



(64-4) r lc =^r 



mj 



(65-4) f2c=-— f 

m 2 



<a^- 



^a jj^ojil <j^»llL I jl l tl.t i o J\ L£ <Ljj ?~j~ -~ <SjLJI oUiLJI 



• * * i • * 



(66-4) V = R = — (m lVl + m 2 v 2 ) 

:(64-4) j (63-4) <1jI*JU ^> jaj LS ,<J£JI jS^ ^.^^ V 

(67-4) v 1= V +— v 



(68-4) v 2 = V --^- v 

m 2 

.(culill ^il^ll) OjIIluVI LU <^UL ^oj... ? tl ^_^ ^k v jvjii 
^J. <^JL cj^l^J\ ^j-u, ji (65-7)j (64-4) c^jLai ,> ^ l^j 

:LoJh Inflm <jin,'ill itjjjjl <JVjj <V ? jT -l-. j~h< 



(69-4) v k= J£ 
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V 



(70-4) 



'2c 



JL 



^ i^iiL eg".""?" ^ c^ 11 HO" ui (70-4) j (69-4) > gSi-i 



(71-4) 



Wl^lc + m 2 v 2c = ° 



^l^j j££A\ ^i culS ^31^1 V^ 1 ^ o:Li:i,l <A»'j cW U ^* li jL ^V ^ •»** 

j jji j j j c^LJuljj * "< '^ W Qft" ,ft J ' " ? ^ ' ^ " < r> 113-4 

. (15-4) JSuilL g*^* ^a LS ,0 o,l> 6jL^ je. ^>^! H <%*- 




(72-4) 



m 2 
(9-4) JLAII 

-.Ji (66-4) %bUJl > 

Wi u 

M m 7 



dial v 2 =0 ji L« 
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:/,( (63-4) olftUJI 



o* 



: L£ 



(73-4) 



Vi=V + v lc 



v 7 = V + v 



2c 



C*-*-?JI > tfl <tj^ ca? ^ L:i ^i (73-4)j (72-4) oUfcUJI ixAAi ^ 
^iljl i^uUL j^-^JI IIa itj^u ^ (v^i v t )cuQ ^51^1 i^uilL j: -.~i i ^i 
.fjLaill j*^ Joi <^^> Lit US .(v 2cJ i v K ) <iSII ^ £_» J^ 

(15-4) JJLiJI ^ ^ .^UJIj ^loLVI jLJLI c^ tfl . fJ L-Oll ^u o*^ 

>»« oUallj j.jL^iII CjU jU <i£]l j^ ^ j^ ^nj, ^jl, Li 
<*-^ r jL-3ll ^j J^i ,^^J ^£11 ^ki|| ^i V ^1 ^ <ikL« <J 
SjL. ^ dJaJ .(72-4) <2iUI tr44-a ^ .ji^Ji lyU- o£j Ji ^ ^51^1 |^j 
.(16-4) Jl^JL eg*. ^ US <J£JI ^ ^jl, -.I.--H 



^1 *< ic 





---O--' 



2c 



m, 



cm 



m. 



0^ cm 

(16-4) Jl^JI 
:J (72-4) <ljLdl, (73-4)c,uS3UJI J,) ,> ^ 



r/Vl 



(74-4) 



(75-4) 



*i=V+vi c 



m, 



:0.U JUL 
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nf ; .... 7 a U\svi\ <^l »M Ji Ji»* ie* 07-4) JSJJI ^ ^ «v' ltf * 



V-(A*/»»2)Vlc 

v lc 



(76-4) 



(77-4) 




(17-4) JSLIII 



BC BC 

tan = = = ==- 



OB Oi + AB 



BC=v^ c sin^» 



OA - \[ c cos 



— u 

m~i 



:•,] (17-4) JLAII <> j~j 



<£» 



tan0 = - 



t^ c sin0 



t^cos^-KM/^Mc 



: gj^ 



ji 



(78-4) 



tan0 = 



sin0 
y+cos0 
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(79-4) y= m ^ 

V\ c (m x + m 2 ) 

(80-4) y = 0± 

m 2 



(81-4) r = B. [1 _G (1 + B. ) ]-i/2 

m 2 T m 2 



^ iiLUIj j»A>ll Jii^ ^jL-o <jU fjLwalll SjLa. ^ <Gl i_>J^.I lia.}U 
( 82 ~ 4 ) Plc+P2 C = Pic+P2c=0 



(83-4) il^+^ = iL + ^_ +j3 

2m l 2m 1 2/Wj 2mj 



:J^JL (82-4) 455UI LIS ^ 



(83-4) Al = S 



2/i 2/j 



.<JjiUI <tSJI /i 
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411*114-4 

( ajj 1 jO 11 6jJ Z\ji)GC o lnj n t -y J-o <-a>^ 3^ C£3L^ oiulu <J>^ ^ 4-4 J-LA LJ 

a oL> (ll % ^i^ju oi.tmi fj^ltfJI jLi <£>^ Sj;JL^ fcl^kuJ ^ 4MeV l^LU 
^Jlj tLlilll ol nji.i^H <o£>JI iitkll ja •^ L =^' t-AJ^ 1 * ij* 30° iijl^j 

jxjLu<alll JJU I *(p" ^jl^' <Jp U>° J^" 1 . 1 qJjLu-o C/ n.n^ ajL^xj ilia* ^ :J^JI 

:(10-4)Jl^Jlj ^311 JaL» <> vj£ IjI ^ 1 +0 2 = =9O°oi ^1 90°^b 

pj = p[ COS 1 + p2 C0S 02 = Pi C0S 01 + Pi Sin 01 

J 

= p{ sin 0! - pj sin 2 = Pi sin 0i - P2 cos 01 

:C»u5j1..,iH £>\2IjUJJ J^t> ^ ^ 1 =3O° ol L<u 

V3 
Pi = Pi^s(f> l = p 1 — 



p2 = P\^ n( l>l = Pl- 
: J| 5JLJI 6J-A ^ 4-^j^JI <SLUI hi-* <1jLla Ji>ij 



r 1 '=-^=--S- = -r-3 Mev 

2/Wj 4 2wj 4 



2 2 

r 2 '=-^- = --^=-r=i Mev 

2wj 4 2m! 4 
iSj^iLo (72-4) ifcUJI j> <J^JI jS^o iajlilo ^i olilll ijjlj jUjJ <j£*fj 

O =2^ = 60° 
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4m l^itS <£Lu jxjAa Sjj sl>u v^^^j m <g£<; ^j^ ^\U^ 2 5-4 Jl* □ 
c^K IjI jxjL^JI j^ j,^^ J£ kj^L .yiuaVl 6jLuo* csl 45° Ljl^ .r^a 
^i oI^lIII iijIjUj <<^lj^»VI oPj^ 1 <^LL ^ ^U g i^LAJI iiUJI 

:^ <ajLJI <£>UII ^jlS^ ±l]j m =4m j) <k^^Lu 

- a p 

v = Vp cos 45° +At/ a 



O=^sin45°-4^sin0 

:<Lloj 



t£=^(V2±V42)» 0.79*6 

*&r=^=^« 0.56i/ 

:ajI</i11I jju till <tj-uj '^'- iiJJj$ 

*a~0.18* 
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:Ull Q-A-. Ojlj OaJ fA^ll ^ia- oVjU-o <> SjUloiVL 



tan0 = 



P = 1.26 => 0=51.2° 



V2t; - y; 

(79-4) <&UJI f^Wi <t£JI ^^» ivti. <j* ulAju^ 11 ' :: ^ i:; ^b jL ^V : «#' 

:^ii (81-4) j 

O 0-57.3° 



jj.ll Hlfl 

Sj^j- (m= 1 kg) LjLui- J^ o- <il> l^ki- <isS ^ ^ ^l* 1-4 

,v 3 =i+j+k , r 3 =k jv 2 =j <r 2 =j+k j v 1 =2i .r^i+j :<JUI t^ 1 Wb H 4 '^ 1 </* 

<^L ^IjJI W-^jlu 1-4 tfuJJ ^ Sj^oll i^bUI *^» ^WIL 24 

IjJLI <L5i .u* 6^j- jJL £«~ XV tsjlxJ.1 ^i fl 6>5 ki~»J Jiij ^j5 gjL 34 
a^ .CT'Ji^Vl *■-•" <it^ LiuCT oUo~JI o>^» J>« A*?^ 1 ^-a-^ 1 U ^ 

. Ah/3 >» feMtUSjIj 4 <GacU <a.Lu* J*j>»-» j*?^ ^ ^^ '•M 
J^ / l^ <nj -«-.■■■„ **l*ti u'jl^I >i «-A^ ^ c^' ^^ •** 0) 74 
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(* K i LLJ ^j- J ^^m iI .jJaGlII j>^-o ^JL Ljj^aC *^JJ«i iy* J^ Jl*- 3 * -0 Jt^J ^jiatlj 
.(18-4) JSitilL rtjuoj-o jJb LaS <Jqj^L1I ^ a-LIa <JjS jSj-o jU^V 




(18-4) JLUI 
^j JS^ ^ ^^i^io (1):4-JLJI LuuUjlII fl ,,. ? VI <> JS <tS j£j^U94 
x~=by ^\-\\[ \ qu Sjj 1^^1.1 i^wLJLl (_=k) -u^^ t^j J^** ij^- r^"* ( t - j ) ^LP'** 

JJtJI £A ItU-y I^IitjS J;^LUJ tfU^tai ( 4<^Y iili^ 6jS t_Lu^J itS jSj-o da> 104 

^iJLoVl SjSJI ^Sjx ^a R/2 jju ^^k. 6jSj-o £jLj i?/2 6^kS c_L-aj 
L^^xuLo M L^ltS <^5^lJ ijuuulJL 1; i^j^j mL^ltS 4 ,^l <^j jlkn 124 

^JM 4un\\L 
6Lx3lj 4jCj^uuLo .2^ i^-uuJ JibmSU Sj^iL-o Uj-aJ Ufl . in £gn,.i.ui ^J jUitiVi 

SS^iL-o jU^VI jju ^l^il a < nil I 

ilbua Af l^itS <\un\ i*LS ^> (ballistic pendulum) ^jill JjdlJI ^cl 144 
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<A-aLuaj <£.jjuj <&j*l ajVimmj j 1*1^1, 1 <.,Hnn >^VI <ij-lo ^ On ft Z <d^Jo J^-J 
ijjl^j J^iLlJI fjC 4Jl^ljj Ujl^ilxJj J>%ll iu^aLuajJI jl>Lkl X*j 4-a^Jiill 

Jj^. jlj^jJI 1 o^njj Zl^JjJL <£iSJI 5L^ j^Ijjj mjl^itS ol>> <i£ jJbu 154 

Lfil >«*^» ^j'j U-° (SJ4-* L- *^ <ifill Lf-JI J i n't mi ^lll ijjI^JILo .<J^15 <iaAj 

(19-4) JUJI ^ jt-^ll ^F^^P^j^-^ 1 j>~> u' ^je l6ji 







(19-4) JLAII 
<£.jjo*j r ft 6^ki i.iir>> <jj*^ j'^-° Mr* l> < aa i "^ Jt*^ a *j)°>* '■i'rt' v^£ Jl5^ *'4 

niUn JA\(0 <JVjj r^Jfllll iJlmt ol^-uL3 ^Joxi jA\ ii^UJI iA .^ua-lZJI J>a> 

. 2 hj\^ ^lillj^ <ejl> J^ 1 cn ,t,nl jSLuu m 2> kL m 1? ^ui^ ^jk^ 184 

r" -*~ j* Li>A Ll.iU.nl jSL- w 2> ku ^i^JI <G2LL m^jMi^ fuU.nj 194 
m 2 l^ i.,,<j ^1 iiLUI ji <>a^ .^^L-aVl m ] *U:I j^0 2 ijjlj LuLuo j^Vl 
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^ m^j^j^ jill <2UJI J\j (head-on) ^]j ^L^i ^ jl^L ^1 j^iLuu 

. Am x m 2 TJ{m^rn^ 2 ^jL^ <1LJI *jjh 

Pl^JjQ ^J 1 ^ OIJ^J L^a Ll^kual <j£Lu Sl>u P 1 <U^j ^Jje fjkuaj 204 

^ 0L£ jxjL^sJI J > ^Ul ^1<u cJl^ <? p 2 /p 1 ?;..ntl <IVx> Sljill <££U 

u' v^? c^ 1 ^J 1 ^ 11 ^ (') -k>* Uljku^l ^Lu m 2> kL m ^jm, ? ^ik^u 214 

* <l "^ j ^-i^J oxLi ^ill m^l oj ,„ ? ll tfjAJl (detector) LL^LS Uik . .a; 

SJ^Jl <LU iluJI 61a Jx^i ^1 m 1 /m 2 iuuAllL ( v ) s^lji^l 

.&jL\ oLjL^iJI ^ j^l^Jl ^L^ e jIjSjVI J^Ll* ji jj^ 224 

y^^u m } ^^^ c& (jr-b f jI—s ^ Q (4yXW jl) <^LAll iiLUIL 234 

q .e jj> Jsiji\ J-obui ji -JaJI ^ j^Lu m 2 ^kij 

*U:L J^h^Lj P 2 <uik ^ w 2^' t° 0j-° J^A? P]*^ ^j'"? f^j 244 

?0j <ejl> oiis Ij] WjJ ^il^JI ^ijllL .J£U o^Luo 

iljLL Jc <l£U. L^J <£U* ^L r Q i^ll L^liLL j^LL S^ ^U, ^ 254 

^ a\« <JJ^ c^—Vl jL^oU will ±0 0^l> U^ 1 «=»ntni pLuL ijiil 

.[l-(l/2cos 2 0)]r o ^,Luu * f jLuxill <^ jtjSlI 
J m ! uLp*' o Ujm . ^ gii*i oLctli j-L^ ^ w ^.t. ft ^. pj..,^ jL,v„ 264 
m ^j ^UjIj <^iU .a 1 ofl\n Ljl^JI <v ^^iJI ^ < p 2 j^Ll^j m 2 

<? JcliSlI Ij^J (3 JLuillLj ^Vl 

a hs^ Jf*e >^' >L-u_* ^L (j^Jil j^ /z^U^jl ^> Sjji-.^ 6jS u« ■ .." 274 
.^jVl flkr>yi <kii j-o jLuii ^1 4e(l+e) /zsina <iLu^ ^ 
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^ Sjjlill SjSJI I4JI j^j2 ^lll <J^Lill oUUJI £>*^ u' o*Ji 284 
. /z(l+e 2 )/(l-e 2 ) ^ US oIjI^jVI ^ u' Je 3 2 ^ A m - JI 

Ijl J&iJ i^L^JI t> cJIL .^jiU Jc t (4v ,2v ,v Q ) j(A,0,+l) Jul til g_^JIj 

£<iL^ VJ SV J-ii >-ll > yj*^ ^^^"J m ^ fUli ^ -^ 3 ° 4 
Ijl ol ^^ .i> <>jVI J>=> j^JI j'jjJ ^>" i> ^ J ->^ ^>^ 6 J^ t> 
J Lipi* SjL^II jKUu v.—a.lj jI-O 1 - l^LL ^ j-^JI -^ ' <1 i L - Jl °>° 

?•..«.. .1 1 <j£ <> jjSI. jjSi Mj^sil ££S 

y|.j'.. JSJ iiil^ill ^cjjjJI »UjIj i<u3L .5 JjVI jLux 

<AjljJ'j P' 2 jP'i'^J J^ ^^ J^ 1 " >^ A^ m f^^ f"* 1 ^ 324 
. Q = p' p'cos<p/2m <£jl^i <*iLJJI <iLUI J\ c^ji -<P W^ 

j m cgnj...-> g%i u^L" w 2 >.'u m 1( JL,1 ^-e f- 1 *"^ cfiP J* 1 * 5 ^ 334 

JSJ ^Li ' -><" <J-ulSJJ vuu^j -.(Compton Scattering) j^UajZ. c m . V. 344 
Ll^ C j dL^L oj£ /?o^ .A/A ^ki fijj Aott u[jo & "^J* ^° o*& 

Ifl-.olU olijJ^i) ?jn...ll OuiVl <> ^O^ j*.lkufi2 ■apJ*^ ^^ </* .e>uill 

<i_>^lo A^j^ JUki illy filial <ajSi oI*iii l^»i Sjj^II S^JI dlju^lVL 
j,1 jLijJ fijllj <5LLH 3j,n,.MI JliiVl r aiS*-l •<? <ejl^ <>^ Vl ^J 1 -" «> 
Jsl^ JLjVI ^>» Jb-W >^U <s& <at$ u^ 1 ^ oiJ^lj a*^ & f* 1 ^ 1 
6U3VI t-0 <ejlj tiu*. »U2L d^i^ aiu^V 1 Ob <A'-A = /*(l-<:os<p)/mc 
.tan0 = sirup /{[l+(/j/Awc)](l-cos<p)} <3>UJL sLk^ ^jilJ ^LaVl 
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